The determination of the cardiac output in man has usually been done by indirect methods. The demonstration (1) that mixed venous blood could be obtained by introducing a catheter into the right atrium and the later data (2), showing that this technique is simple and safe, have provided a new method for quantitative studies of the circulation in man. The purpose of this paper is to report the data obtained in the study of normal resting subjects by the catheter technique. Some of these persons were relaxed and quiet; others were nervous and apprehensive.
The determination of the cardiac output in man has usually been done by indirect methods. The demonstration (1) that mixed venous blood could be obtained by introducing a catheter into the right atrium and the later data (2) , showing that this technique is simple and safe, have provided a new method for quantitative studies of the circulation in man. The purpose of this paper is to report the data obtained in the study of normal resting subjects by the catheter technique. Some of these persons were relaxed and quiet; others were nervous and apprehensive.
METHODS
Physicians, medical students, hospital patients, and paid volunteers served as subjects. They had eaten no food since the evening meal 'on the night previously and they came to the laboratory at 7:30 a.m. After resting onehalf hour, the procedure was begun. Thirty to 90 minutes later, quantitative studies were made.
The right atrium was catheterized via the median antecubital vein by the technique described by Cournand et al. (2 to 4) . A slow drip of physiological saline solution was maintained through the catheter during the study. The necessity has been stressed (4) for having the tip of the catheter in the region of the tricuspid valve in order to obtain blood in which the streams from the superior and inferior cavae are fully mixed. Even with this precaution, a sample of mixed venous blood may not be obtained. In 3 subjects, blood from the atrium in the region of the tricuspid valve was found to have a very low oxygen content. Samples taken from the right ventricle or other parts of the atrium led to the conclusion that the catheter had entered the coronary sinus, or an aberrant hepatic vein emptying directly into the atrium.
An inlying needle was placed in the femoral artery, which had previously been well novocainized. Oxygen consumption was measured by collecting ;expired air for 2-or 3-minute periods in a Douglas bag and analyzing its oxygen and carbon dioxide content by the method of Haldane. It was found necessary to bring in air from the outside of the building as the carbon dioxide content of the room air increased appreciably during the experiment. The metabolic rate was recorded as the percentage of deviation from the expected basal metabolism. The oxygen content of the mixed venous and arterial bloods was determined by the method of Van Slyke and Neill (5) . The hemoglobin concentration of the blood was measured by diluting the blood with ammonia water and determining the intensity of the color by a photoelectric colorimeter. In the few instances where an arterial puncture was not done, blood from the atrium was saturated with oxygen and its oxygen capacity determined directly. The arterial oxygen content of the blood was then calculated on the assumption that the hemoglobin in the arterial blood was 95 per cent saturated with oxygen. It was not possible to calculate the oxygen carrying capacity of the blood from the concentration of the hemoglobin. Varying amounts of inactive hemoglobin were found in the blood. Similar observations have been reported by other investigators (6, 7) .
The arterial pressure was recorded optically from the femoral artery by the method of Hamilton (8) and the prevailing barometric pressure (9) . Three of these subjects had an intravenous injection of 2 ml. of a 20 per cent solution of para-amino hippurate from 15 to 20 minutes before the cardiac output was measured. The disappearance rate of this substance was being determined in an associated study and, as this substance was found to have no effect on the circulation, the data on these patients have been included along with those of other normal subjects.
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Eleven relatively complete sets of observations were made on 7 medical students and 2 physicians (Table I) . These subjects were familiar with the techniques used and had been present when the procedures were carried out on other subjects. In 5 of these experiments, the measurements were made before the removal of blood for an associated study. The we have not been able to detect it. In the tense subject, WB, the heart rate was rapid, the oxygen consumption was slightly higher than in the others, the cardiac output was greatly increased and the peripheral resistance was extremely low. Five months later, the observations were repeated. The subject was more relaxed, the pulse rate had decreased 18 beats per minute, the cardiac output had fallen to one-half its former level, and the peripheral resistance had risen 400 units. The metabolic rate had decreased from plus 6 to minus 12. Similar studies were made on 10 colored male patients from the wards of Grady Hospital. Four of the subjects were convalescing from an herniorrhapy, one had asymptomatic neurosyphilis, one diffuse neurofibromatosis, and one submental tuberculous lymphadenitis without any systemic evidence of infection. Three patients were convalescing from acute illness, one from typhus fever, one from infectious hepatitis, and one from lymphocytic choriomeningitis. As a rule, these patients showed somewhat higher ventilation rate and oxygen consumption than did the medical students and physicians. The average oxygen consumption per minute per sq. m. was 139 ml., as compared to 121 ml. for the students and physicians. It was much more difficult to judge whether these patients were relaxed. In one subject, the metabolic rate was plus 16. In a second, the pulse rate was 84 beats per minute. Excluding these 2 subjects, the cardiac index varied from 2.3 to 4.1 and the atrial pressure from 0 to plus 85 mm. of water. The cardiac index in the students and physicians who appeared relaxed averaged 3.2. This is not significantly different from the average figure of 3.6 found in the colored patients.
Three negro males were studied before and after venesection. These subjects came into the hospital the morning of the experiment. They had never given blood and were naturally somewhat apprehensive. The oxygen consumption in these patients was definitely above the level of the controls and the cardiac output was elevated. The first subject, WP, was of particular interest because observations were made at 3 different times. By the third experiment, he was well relaxed. In the first 2 experiments, the oxygen consumption was 14 and 8 per cent higher than in the third one, while the cardiac output was 47 and 65 per cent higher than in the third set of observations.
Observations on the effect of gravity on the cardiac output were made in 5 normal subjects and one patient with hyperthyroidism. After the cardiac output was measured with the subject in the recumbent position, the table was tilted to an angle of approximately 70°from the horizontal, the feet resting against an upright foot support. The arms hung loosely at the thighs and the persons were relaxed except for the use of muscles necessary to the maintenance of the semi-erect posture. Care was taken not to move the legs or to tighten and relax the leg muscles alternately. The position of the catheter was checked by fluoroscopy and after 5 to 8 minutes of motionless standing the cardiac output was measured. The results are given in Table II . In each instance, the arteriovenous oxygen difference increased and the cardiac output decreased. In the semi-erect position, the increase in arteriovenous oxygen difference was somewhat more striking than the fall in cardiac output, because the metabolic rate was usually higher with the patient in the semierect than in the horizontal position. In one subject, 3 specimens of blood were taken from different areas in the right atrium to be certain that the lowering of the oxygen content of the atrial blood was not the result of improper mixing of the blood from the superior and inferior venae cavae. The values found for the oxygen content were similar in the 3 specimens.
COMMENT
Determination of the cardiac output utilizing mixed venous blood from the right atrium has opened a wide field for clinical investigation.
This technique, however, has many sources of error so that small changes are difficult to interpret. The method is more accurate when the arteriovenous oxygen difference is large. When the oxygen consumption remains constant, the relationship between the cardiac output and the arteriovenous oxygen difference is a logarithmic one. Thus, with an arteriovenous oxygen difference of 8, an increase of one volume per cent will cause a decrease in cardiac output of only 12 per cent. With an arteriovenous difference of 2, an increase of one volume per cent will cause a 33 per cent decrease in output (Figure 1 ).
Other investigators (2) have taken repeated samples within a few minutes' time in a series of 11 subjects with the subject in an apparently steady state. The mixed venous oxygen in successive samples varied as much as 0.5 volume per cent. With an arteriovenous oxygen difference of 4, this much variation would cause a 12.5 per tent variation in cardiac output. These same authors have emphasized the care that must be taken in locating the tip of the catheter close to the tricuspid valve. Even then variations in oxygen content because of admixture of blood from the coronary sinus cannot be controlled. TIhe collection of 2-minute samples of air for determining oxygen consumption introduces an error which probably varies considerably from subject to subject. In any given subject, it is difficult to be certain that he is relaxed and that an increase or decrease in cardiac output attributed to These data demonstrate that, in normal adult males, the cardiac output at rest varies greatly, ranging from 4.2 to 14.8 liters per minute. The output per minute per sq. m. of body surface (cardiac index) ranged from 2.3 to 7.7. It was obvious that certain of the subjects were not well relaxed and that, therefore, the circulation was hyperactive. The data from these subjects should not be used in determining the normal range of the various functions of the circulation in relaxed subjects under basal conditions. It was arbitrarily decided to exclude from the normal relaxed group subjects in whom the metabolic rate was over plus 10 and in whom the heart rate was over 82 beats per minute. (10) .
The values for the cardiac output as measured by the catheter method are greater than those obtained by the acetylene technique. This has been a consistent finding in each of the reported series (2, 10, 11) .
A decrease in cardiac output occurred when the body was tilted to an angle of 700 from the horizontal. The subjects in these experiments were partially supported by leaning against the table and therefore the experiments are not directly comparable to those in which the subject has been standing relaxed, but without support. Grollman (11) , using the acetylene method, found that the cardiac output was unchanged when the patient stood in a relaxed position. The arteriovenous difference increased when the patient stood, but the oxygen consumption also increased so that the cardiac output remained unchanged. One author (12) , using the acetylene method, found that the cardiac output with the subject standing in a relaxed position averaged 9 per cent less than with the subject in the horizontal position. More recently, the same author (10), using the catheter technique, found that the cardiac output in the relaxed standing position was 25 per cent lower than in the recumbent position. Others (13), using the ballistocardiograph to measure the cardiac output, found no consistent change when observations were made with subjects in the recumbent and relaxed standing positions. Our data are not comparable because our subjects were partially supported and not standing erect. Seven sets of observations on 5 subjects were not included in the data on normal basal resting subjects. In 5 out of the 7 experiments, the resting pulse rate exceeded 82 beats per minute. In 5 of the 7, the metabolism was over plus 10. The average figures for the various aspects of the circulation in this group of subjects with some evidence of anxiety are given in the last line of Table  I . The average A-V oxygen differencc was 3.1, the average cardiac index 5.5, and the average peripheral resistance 827. It is of interest to note that the average oxygen consumption with anxiety was 23 per cent greater than in the more relaxed subjects, while the cardiac output was increased 66 per cent above that found in the relaxed subjects. The validity of this observation is supported by the data on the 2 subjects in whom repeat determinations were made at a subsequent date. In each subject, anxiety produced a much greater rise in cardiac output than in metabolism. 
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